Total phenol content determined by the Folin-Ciocalteu assay and total antioxidant capacity measured by the ABTS •+ method were applied for the first time to analyze the aqueous extract prepared from the dried aerial parts of Mentha cervina, a Portuguese mint species traditionally used as a culinary herb in river fish-based dishes and currently commercialized to prepare digestive infusions. LC-MS/MS analysis was performed directly on the crude aqueous extract allowing the identification of seven phenolic compounds. The overall plant aroma was analyzed by the SPME/GC-MS method; this approach allowed the characterization of various constituents, as well as the comparison between the fresh and dried plant material. Such a comparison highlighted several metabolic changes that occur during the drying process of the aerial parts of this plant.
Mentha cervina (L.) Opiz (Lamiaceae), previously named Preslia cervina (L.) Fresn., is a mint growing wild in stony places and on the banks of rivers in north-western regions of the Iberian peninsula. It is traditionally used as a culinary herb, especially to aromatize river fish-based dishes in Portugal, mainly in the interior regions, such as along the "Sabor" river rather than along the sea coast. The freshly caught fish are wrapped with the fresh leaves and steamed [1a] ; this explains its common name "ervapeixeira" that means fisher-herb. Contrary to other mint species, this plant is not so competitive and it is currently difficult to find it growing spontaneously in the natural habitat. The recently renewed interest in this aromatic species has induced local farmers, such as the "Cantinho das Aromáticas" in Porto district and "Ervital" in Viseu district, to cultivate it for selling either as a living plant or as dried material (aerial parts). Generic recommendations for its consumption are about the use of the fresh plant for culinary purpose while the dried material is generally used to prepare infusions with digestive properties. In both cases, the aerial parts of the plants are used.
To the best of our knowledge, the only scientific article currently available on this species is by , who reported the variation of the essential oil constituents with the seasons and the corresponding in-vitro antifungal activity. The major objective of the present work was the phytochemical investigation, by LC-MS/MS analysis, of the aqueous extract (infusion) prepared from the dried plant, as this extract had not been studied before. Following our intensive investigation of medicinal and food plants currently commercialized in Portugal [2a] , specific emphasis was given to total phenol content calculated by the Folin-Ciocalteu assay [2b], and the total antioxidant capacity measured by the ABTS •+ method [2c] . Antioxidants are now increasingly required in the human diet because of their benefits to health and it is, therefore, relevant to evaluate their content within plants sold in the market as food ingredients or medicine.
The second part of our investigation describes the analysis of the volatile constituents through the SPME/GC-MS method. Such an approach allowed the rapid metabolic profile of the plant aroma without the need of the essential oil extraction by hydrodistillation, as previously performed by . This approach was used here with the aim to compare the fresh and dried plant material. Such a comparison can highlight the chemical uniqueness of this traditional culinary recipe that indicates the preferential use of the fresh The antioxidant capacity of M. cervina was measured by the ABTS •+ assay as ascorbic acid equivalents, and the total phenol content was calculated by the Folin-Ciocalteu method as gallic acid equivalents. By comparison of such data with those from 48 other infusions prepared from powdered medicinal plants currently commercialized in Portugal and which had been analyzed using the same assays and extraction procedures [2a] , M. cervina presents a medium antioxidant capacity with a value of 0.16 ± 0.013 g L -1 of ascorbic acid equivalents (avocado leaves -Persea americana Mill.-was the best antioxidant with 1.43 ± 0.13 g L -1 while the black elder flower -Sambucus nigra L.-was the weakest with 0.043 ± 0.003 g L -1 ).
Using the same comparison, M. cervina showed an intermediate total phenol content with a value of 0.15 ± 0.00 g L -1 of gallic acid equivalents (avocado leaves gave a value of 0.55 ± 0.03 g L -1 and black elder flower 0.040 ± 0.007 g L -1 ). Moreover, M. cervina was less active as an antioxidant compared with Mentha x piperita L. (0.40 ± 0.10 g L -1 ), but as good as M. spicata L. (0.14 ± 0.07 g L -1 ), while the total phenol content was half that of the two other mints (M. x piperita 0.31 ± 0.11 g L -1 ; M. spicata 0.35 ± 0.03 g L -1 ).
LC-MS/MS analysis was performed directly on the crude aqueous extract (infusion prepared from powdered aerial parts of the plant). The aim of such analysis was to identify as many phenols as possible contained in this extract; normally, the presence of this class of compounds is well related with the antioxidant activity measured by the ABTS •+ method. The identification of such phenols was achieved by comparison with pure standards previously injected using the same chromatographic (LC) and detection (MS/MS) conditions. Our in house library of phenols contains 33 compounds but, from these, no more than 7 were identified in the aqueous extract of M. cervina (Table 1) . Among them, chlorogenic and caffeic acids were the most abundant, followed by cumaric acid and rutin. To the best of our knowledge, these constituents are reported for the first time in this mint species.
Chlorogenic acid is a well known cholagogue and choleretic derivative [3] ; its regular ingestion helps the flow of bile, facilitating, therefore, the digestive process. The relatively high amount of such a constituent in M. cervina aqueous extract is in accord with the claimed digestive properties of this preparation.
The characteristic fragrance of aromatic plants is the result of the sum of the single volatile compounds, and their relative percentages are essential to determine their characteristic perfumes. In this work, the use of the SPME/GC-MS method allowed the comparison of the volatile constituents of the fresh and dried M. cervina aerial parts; both materials came from the same plant (see Experimental section). Biochemical changes attributable to the drying process of the plant were detected. Such modification appears to be mostly semi-quantitative rather than qualitative. The area under the peaks in the chromatograms is proportional to the amount of the corresponding compounds. Data on the relative amount (semi-quantitative data) of the single chemical entities were, therefore, obtained by comparison of the area of the corresponding peaks. Such comparison was performed within the same chromatogram as well as between both chromatograms obtained from the fresh and dried material. This was because, as detailed in the Experimental section, the same amount of plant (1 g) was used as starting material in both cases (1 g of fresh aerial parts was directly analyzed, while another 1 g from the same plant was dried before analysis).
In accordance with the results obtained by Gonçalves and co-workers [1b] on the essential oil constituents of M. cervina, the major volatiles detected were pulegone, isomenthone, and limonene, among others not identified here. Concerning the major compound pulegone, it was impossible to derive the area under the peak because this compound was so abundant that saturation of the MS detector occurred in both cases, for the fresh and dried plant. The amount of limonene and isomenthone were higher in the dried plant compared with the fresh one; however, the relative amounts of both constituents changed differently. In fact, the amount of limonene was three times higher in the dried plant with respect to the fresh one, while isomenthone was only two times more abundant in the dried material. This indicates that the increase in certain constituents during the drying process of the plant can be preferential with respect to others (in this case limonene augments three times, while isomenthone only two). Other compounds, such as those detected at RT 42.01, 42.92, and 61.44 min were only slightly more abundant in the fresh material rather than in the dried. Other minor differences, in this case truly qualitative, were noted such as, for instance, that a peak at RT 43.70 was only present in the fresh material, and a peak at RT 44.58 min only in the dried plant. From the analysis of the corresponding MS spectra (not shown), both compounds appear to be isomers. Such chemical modifications, which occur during the drying process of the plant, produce a characteristic metabolic fingerprinting of the fresh mint distinguishable from the fingerprinting of the dried plant. This can be considered as a chemical reason for the distinctivness of the Portuguese culinary river fish-based recipe that recommends the use of the fresh mint.
The overall aroma of the fresh and dried mint vary, not only in terms of intensity (dried plant has stronger aroma compared with the corresponding fresh one), but also in terms of quality. The overall aroma of the fresh mint appears in particular much gentler. Therefore, the fresh plant is possibly more appropriate for the delicate taste of these fish-based dishes.
New chemical and biological data on M. cervina are described in this work. Despite the lack of scientific data on the aqueous extract of this mint, the dried plant is currently commercialised in Portugal to prepare an infusion with claimed digestive properties. It was, therefore, our wish to describe its chemical content at least in term of known phenolic compounds with potential antioxidant capacity; the presence of seven phenolic derivatives were here described for the first time in this mint species. Total antioxidant capacity and total phenol content were compared with other commercial medicinal plants currently marketed in Portugal. Concerning the overall aroma analysis of M. cervina, it was possible to detect some chemical differences between the volatile constituents of the fresh and the dried plant material. Such differences were detected by using the SPME/GC-MS approach, here applied for the first time to this mint species. The chemical data acquired on the dried and fresh material of M. cervina can be used to characterise the Portuguese culinary recipe that recommends the use of the fresh mint. Allowing direct chemical analysis of the volatile constituents without any previous treatment of the plant material, the SPME/GC-MS method is proposed here as the most adequate technique for the study of other aromatic plants used in traditional culinary or medicinal recipes.
